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Abstract
The binge drinking (BD) pattern of alcohol consumption, characterized by
intermittent consumption of large quantities of alcohol in short periods, is currently
prevalent during adolescence and early youth. This period is characterized by crit-
ical changes to the structural and functional development of brain areas related with
memory, as well as other executive functions. As a result, BD has been associated
with undermined learning and memory ability in adolescents and youths of both
sexes. One distinctive contribution of this chapter is to evaluate, together, the
impact of an acute BD episode, the sample’s history of consumption, and its effect
on learning and memory performance and as potential gender differences. The
main findings of the published research show that BD has differential effects on
several types of memory and confirm that women are more vulnerable to these
detrimental effects of alcohol than are men. These cognitive differences between
men and women seem to be overridden as the blood alcohol concentration progres-
sively increases. As BD pattern of consumption has been associated with inhibitory
control deficits, future research also should investigate long-term implementation
of inhibitory control training, emphasizing the importance of this training as part of
the intervention strategies focused on this at-risk group.
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1. Introduction
Alcohol is one of the most widely consumed psychoactive substances in the
world, especially among adolescents and young adults [1, 2]. Many of these develop
a pattern of alcohol consumption known as binge drinking (BD). BD has been
defined by The National Institute on Alcohol Abuse and Alcoholism (NIAAA) as a
pattern of drinking that elevates a person’s blood alcohol concentration (BAC) to
0.8 g/L or above [3]. This pattern involves the intake of large quantities of alcohol in
a short period (about 2 h), followed by a period of abstinence, with a variability
between 1 week and 1 month (see Figure 1). BD is the most common pattern of
alcohol use among adolescents and young adults in Western countries. In Spain,
the prevalence of BD pattern is similar in both sexes among 14–16 year-old
adolescents and is more widespread among men than women in the age range of
17–18 years [4].
Individuals engaging in frequent BD have an increased risk to develop an alcohol
use disorder (AUD) later in life. This risk has been suggested to be linked to
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executive deficits (e.g., [5]). The BD pattern of consumption seems to be especially
associated with increased impulsivity and inhibitory control deficits (e.g., [6–8]).
At the same time, this seems to be due to an attenuated frontal activation (e.g.,
[8, 9]). Thus, a higher incidence of BD has been related to decreased activation of
dorsolateral prefrontal cortex, dorsomedial prefrontal cortex, and anterior cingulate
cortex, brain regions strongly implicated in executive functioning [9]. The neuro-
toxic effects of BD on these regions can be less evident throughout adolescence, but
if this alcohol consumption pattern persists, the executive dysfunction could be
exacerbated. While individuals with AUD typically exhibit inhibitory control dys-
function, evidence of impaired inhibitory control among binge drinkers, who are at
increased risk of developing an AUD, is mixed. Despite the variability in the litera-
ture, some findings point to mechanisms that may confer vulnerability for transi-
tion from binge drinking to AUD [6]. Therefore, inhibitory control deficits must be
considered as an important factor that contributes to alcohol abuse.
On the other hand, important physical, social, and cognitive skills are acquired
during adolescence and early youth. This period is also characterized by critical
changes to the structural and functional development of brain areas related with
Figure 1.
(a) Binge drinking pattern criteria. Quantity: intake of 50–56 g of pure alcohol in women and 60–70 g in men,
in 2 h. Frequency: at least one BD episode per month. Intermittency: abstinence between BD episodes over time
(minimum 1 week, maximum 1 month). (b) Number of drinks (1 drink = SDU, standard drink unit) in the
USA and Europe for binge drinking’s BAC levels.
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these skills [10]. For example, the superior associative cortex (e.g., prefrontal cor-
tex) undergoes myelination, pruning, and synaptic reorganization [11, 12], among
other alterations. Significant changes in the volume and shape of the hippocampal
complex, a brain region that plays an important role in memory functions, are also
observed during this developmental period [13–15].
Due to this plasticity, the adolescent brain seems to be especially vulnerable to
the neurotoxic effects of alcohol. In fact, alcohol-related performance deficits in
tasks assessing cognitive processes, such as attention, memory, and executive func-
tions, in the not-yet-adult brain are more evident during adolescence [16, 17] and
become more pronounced with a BD pattern of consumption [12, 18].
The intermittence between BD episodes seems to be the most important factor
involved, as the repeated alternation between intoxication and withdrawal is partic-
ularly deleterious for the brain, due to the excitotoxic cell death it provokes [19, 20].
Thus, it has been demonstrated that BD episodes can be more harmful for the brain
than an equivalent amount of alcohol without withdrawal episodes [20, 21].
Therefore, the BD adolescent population constitutes a cohort at risk of brain
damage, and any disruptive effects of alcohol on learning and memory abilities in
Figure 2.
Preferred reporting items for systematic reviews and meta-analyses (PRISMA) flow diagram showing how
articles were selected for review.
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this age group could have a particularly deep impact and last through to adulthood.
Moreover, females would seem to be more vulnerable to these detrimental effects of
alcohol [22].
In the following sections, the main insights provided by studies performed by
our group and other researchers about the effects of BD on learning and memory
performance will be discussed. We focus on the types of memory that are most
damaged by alcohol: immediate visual memory (IVM) and working memory
(WM). One distinctive contribution of this chapter is to evaluate, together, the
impact of an acute BD episode and the sample’s history of consumption on learning
and memory performance, as well as the possible gender differences at play.
For this review, we conducted a literature search of three databases:Web of
Science, PsycINFO, and PubMed. The following combination of key terms was used:
binge/heavy/social OR adolescent/young OR blood alcohol OR immediate/working/
memory OR alcohol/ethanol OR cognitive AND acute alcohol. These keywords were
examined in the “title” section forWeb of Science and PsycINFO and “title/abstract”
sections for PubMed. We considered studies published in English since 2000 (1
January 2000–30 November 2018) in humans. The total number of studies identi-
fied through the initial database searching was 677 (Web of Science, 284 records;
PsycINFO, 215 records; PubMed, 178 records). Duplicated records were removed,
and other articles were excluded using strict exclusion criteria: no BD pattern, out of
age range (18–35 years old), psychiatric disorders, and other criteria described in
the “methods” section. Eventually, 15 full-text articles were included in this review
(see Figure 2 and Table 1). This review is limited by the publication bias (databases
not included), procedure of selection bias, and unavailable data.
2. Methods
2.1 Subjects
The experimental subjects in our studies (e.g., [23, 24]) were adolescent univer-
sity students, who filled in a self-report questionnaire about consumption of drugs,
frequency and level of alcohol consumption, hours and quality of sleep, and physi-
cal and psychological health. They were recruited based on strict inclusion and
exclusion criteria. The inclusion criteria used were 18–19 years old, a healthy body
mass index (between 20 and 25), and good health (without major medical prob-
lems). The subjects had to be refrainers (or very occasional alcohol consumers) or
binge drinkers. The exclusion criteria were as follows: on medication; a history of
mental disorders (diagnosed by a health professional according to DSM criteria); an
irregular sleep pattern (non-restorative sleep and/or irregular schedule); having
consumed, albeit sporadically, any drug (apart from alcohol) or having a history of
substance abuse, including caffeine (our criterion: ≤2 stimulant drinks/day),
tobacco (our criterion: ≤10 cigarettes/day), and alcohol (except for the BD con-
sumption pattern); and having first-degree relatives with a history of alcoholism.
Other studies reviewed in this chapter included adolescents and young adults
(18–35 years old) selected by similar or less restrictive inclusion/exclusion criteria,
considering the alcohol use of subjects (history of problems due to alcohol use) and
a history of mental health treatment (e.g., [25]).
2.2 Gender
Gender differences in the effects of alcohol have been reported, supporting the
view that the brains of male and female adolescents are differentially affected by
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alcohol use [22]. There is evidence suggesting that female adolescents are more
vulnerable to the neurotoxic effects of alcohol on cognition [22, 26, 27], since the
cognitive tolerance effect of alcohol on IVM develops in BD women but not in BD
men [24]. Other authors have found that men generally report lower sensitivity to
alcohol (individuals need more alcohol to experience the same sensations or
impairments) than women, and reactivity to alcohol-related cues is more pro-
nounced in male than in female binge drinkers (e.g., [11]). These results might at
least partially explain why men typically show a higher prevalence of alcohol con-
sumption than women. However, in Spain at least, the incidence of alcohol con-
sumption in 14–18-year-old adolescents is higher among females than males [4],
while the BD pattern during adolescence is similar in 14–16-year-old adolescents
and is more common among men than women in the age range of 17–18 years [4].
Gender differences in WM have also been reported in healthy young subjects,
showing an advantage in this memory among males, with females exhibiting disad-
vantages manifested by a small effect size in both verbal and visuospatial WM [28].
This male advantage could be due to the activating effects of testosterone [29],
though age and specific task modulate the magnitude and direction of the effects
(e.g., [28, 30]). However, there are reviews in literature that explore the history of
BD consumption but not the acute effects it exerts and which does not support the
existence of gender differences in the effects of alcohol on this type of memory
(e.g., [31]).
In the light of these data, it would seem crucial to consider (a) including both
sexes, men and women, in any studies carried out and (b) evaluating potential
gender differences in the relationship between BD and memory in adolescents and
young adults.
2.3 Pattern alcohol consumption
Selected subjects were invited to participate in our studies if they reported
refraining from alcohol consumption (or having indulged in very sporadic con-
sumption) or a history of alcohol use classified as a BD pattern according to the
NIAAA criteria for Spain (see [12]). Subsequently, the participants were classified
as fulfilling a BD pattern if they had drunk six or more standard drink units (SDU)
in the case of men or five or more SDU in the case of women on a minimum of two
or three occasions per month throughout the 12 months prior to the survey. In Spain
a SDU = 10 g of alcohol of distilled spirits (alcohol content ≥40% vol.). It is
important to clarify that a stable BD pattern maintained over the time (12 months in
the case of our studies) is a crucial criterion, because repeated alternation between
intoxication and abstinence has been shown to be particularly harmful to the
developing brain [19, 20]. Participants were classified as refrainers if they had never
consumed alcoholic beverages or had drunk very sporadically (<1 SDU on <3
occasions per year, for example, 250 ml of beer, per occasion) since the onset of
their alcohol use.
Therefore, in the studies reviewed in this chapter, including ours:
A.The experimental subjects were nondependent individuals indulging in
alcohol use, usually evaluated by the Alcohol Use Disorders Identification
Test (AUDIT) or others, such as the brief Michigan Alcoholism Screening test
(e.g., [25]).
B. A very noticeable factor is the variability both in the samples’ history
(refrainers, habitual consumers, binge drinkers, light binge drinkers, etc.) and
in the acute administration of alcohol that leads to a BAC of 0.8 g/L (see
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Table 1 “sample’s history of consumption” and “cognitive performance—with
(BAC)—” entries for details).
C.Depending on the study, performance in the memory task was registered as
either rising or declining BACs.
D.Taking into account the scarcity of studies evaluating acute alcohol consumption
in adolescent and young adult refrainers or occasional consumers (e.g., [23]),
the present chapter provides unique insights into this field of research.
2.4 Memory tests
In our studies, the third edition of the Wechsler Memory Scale (WMS-III;
version adapted for the Spanish population) [32] was used to assess IVM and WM.
The IVM subscales require the respondent to recognize faces and remember scenes,
while the WM subscales require the respondent to put letter-number sets in order
and to reproduce visual-spatial sequences. The literature reports a poorer perfor-
mance in these types of memory under the acute effects of alcohol (e.g., [24, 33])
and especially in WM associated with a stable BD maintained in time (e.g., [34]).
Other scales used for the evaluation of these or similar types of memory are:
• The Cambridge Neuropsychological Test Automated Battery (CANTAB) for
evaluating spatial recognition memory. The CANTAB is a computer-based
cognitive assessment system consisting of a battery of neuropsychological
tests, administered to subjects using a touch screen computer. This battery
evaluates several areas of cognitive function using nonverbal stimuli in the
majority of its tests, including the pattern recognition memory, a test of visual
recognition memory in a two-choice forced discrimination paradigm.
• The Immediate Post-Concussion Assessment and Cognitive Testing (ImPACT)
for evaluating long- and short-term memory, working memory, and
declarative memory. The ImPACT is a computer-based program for assessing
neurocognitive function and concussion symptoms. This neurocognitive test
battery consists of several modules for evaluating attentional processes, verbal
recognition memory, visual working memory, visual processing speed,
reaction time, and numerical sequencing ability.
• The Wechsler Adult Intelligence Scale (WAIS-R) with the digit symbol
substitution test (DSST) for evaluating short-term memory. The WAIS-R
(revised form of the WAIS, a test designed to measure intelligence and
cognitive ability in adults and older adolescents) consisted of six verbal and
five performance subtests, including the DSST. This subtest (DSST-WAIS-R)
consists of digit-symbol pairs followed by a list of digits; under each digit the
subject must write down the corresponding symbol as fast as possible within
the allowed time.
Obviously, the use of different tests/batteries for evaluating memory contributes
to the heterogeneity of results in this field of research.
2.5 Procedure
In our procedure, all participants signed an informed consent and a data confi-
dentiality agreement on arrival at the laboratory. BAC was measured in all subjects
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with an alcoholmeter to ensure that they had not previously drunk alcohol on the
day in question, and the alcohol use of the BD adolescent subjects was assessed
using the AUDIT test (none of the subjects was assessed as alcohol-dependent).
Next, refrainers and binge drinkers drank 330 ml of lime- or orange-flavored
refreshment (control groups), and binge drinkers’ drank a high dose of alcohol.
Alcohol was administered in a fixed dose of 120 ml (38.4 g) consisting of vodka
mixed with the abovementioned refreshment for both genders or in function of
their body weight (0.9 g alcohol/kg body weight in men and 0.8 g alcohol/kg body
weight in women). The subjects were instructed to consume their drink within a
period of 20 min. After finishing the drink, all subjects rinsed their mouths with
water, and BAC was repeatedly measured every 5 min throughout the waiting
period, until it reached a peak (approximately 20 min after consuming the drink).
This peak of BAC was considered the value with which to classify the participants
into the different experimental groups. The subjects performed the IVM and WM
tests, while BAC was descendent. BAC was measured once again at the beginning of
the tests, between the tests and at the end of the experiment. The BACs registered
for the male and female subjects (separately or together) in the different experi-
mental groups were:
A.0.0 g/L, in refrainers men (n = 17) and women (n = 24) or BD men (n = 23)
and women (n = 27). These are control groups receiving a nonalcoholic drink.
B. 0.33 g/L, in refrainers men (n = 17) or BD men (n = 22).
C. 0.38 g/L, in refrainers men (n = 11) and women (n = 11) or BD men (n = 11)
and women (n = 11).
D.0.5 g/L, in refrainers (n = 18) or BD women (n = 24).
E. 0.3–0.5 g/L (mean = 0.4 g/L), in BD men (n = 12) and women (n = 12).
F. 0.54–1.1 g/L (mean = 0.8 g/L), in BD men (n = 14) and women (n = 24).
(Note: The A, B, C, and D experimental groups belong to Ref. 23; and the A, E,
and F experimental groups belong to Ref. 24).
All tests were performed between 4:00 pm and 8:00 pm, and the subjects that
received alcohol remained on the premises until their alcohol concentration
dropped to legal limits for driving (<0.3 g/L).
Similar procedures were applied in the other reviewed studies, where cognitive
performance—with (BAC)—was evaluated after alcohol intake administered in
fixed doses or according to body weight. Participants also abstained from alcohol
for at least 12 h prior to the experiment, as well as drinking coffee or tea on the
mornings prior to the experiment, and were instructed to eat a low-fat breakfast
and lunch on the day on which tests were performed (e.g., [35]).
3. Results
The main findings obtained in our experimental investigations and those of other
groups are summarized in Table 1. The effects of acute alcohol consumption—one
BD episode with different BACs—on different types of memory are reviewed.
A total number of 15 studies are summarized. Only three of them included
adolescent male and females (18–20 years old) [23, 24, 33]; the participants in the
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rest of the studies were in the 18–35-year-old group, without studies comparing
adolescents and young adults.
The sample’s history of consumption encompasses a range from refrainers to
heavy binge drinkers, including habitual consumers/moderate drinkers and light
binge drinkers. This variability in the samples of the reviewed studies gives us a
more specific view of the acute effects of alcohol in different types of consumers
and not only in binge drinkers.
In general, the results obtained in the evaluated memory tasks confirm the
deleterious effects of alcohol use. Significant impairments were observed in spatial
recognition memory, WM, associative learning, word fragment completion, free
recall, long-term memory, short-term memory, and IVM. However, an absence of
effects has also been observed with respect to some of these memories, such as
visual memory, short-term memory, WM, and IVM. It is possible that the impairing
effects observed are conditioned by BAC (ascendant BAC, BAC peak, descendant
BAC) in the case of some types of memory. Thus, in studies in which there were
8
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ascendant and descendant BACs, impairment was reported in long-term memory,
short-term memory, and WM declarative memory with ascendant BAC but not
with descendant BAC.
Finally, the values for cognitive performance—with (BAC)—in Table 1 show
the absence of effects or impairing effects in every sample, including for BAC of
0.0 g/L (refrainers and binge drinkers consuming refreshment/placebo). For
example, in Vinader-Caerols et al. [23], male IVM performance was refrainers
(0.0 g/L) = refrainers (0.33 g/L) = BD (0.0 g/L) = BD (0.33 g/L) and women’s
performance was BD (0.0 g/L) < refrainers (0.0 g/L).
4. Discussion
The key findings of this review will now be discussed. Among the types of
memory reviewed, word fragment completion, free recall, and IVM appear to be
the most sensitive to the effects of acute alcohol, as they are affected by moderate
doses of alcohol (BAC = 0.3–0.38 g/L) in adolescents and young adults (e.g.,
[23, 38]). However, higher doses of alcohol (BAC levels of BD, i.e., around 0.8 g/L)
are necessary for a significant impairment in other memories, such as WM (e.g.,
[24]) and short-term memory (e.g., [40]). A plausible explanation for the lack of
effects reported with BACs under 0.8 g/L (e.g., [23, 25, 40, 44, 45]) is that the brain
of binge drinkers employs compensatory mechanisms in additional brain areas to
Table 1.
Effects of acute alcohol consumption (one BD episode with different BACs) on memory in the studies carried out
in this field [37, 39, 42, 43 and 46].
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perform the tasks adequately and that these resources are undermined at higher
BACs (e.g., [24, 33, 36, 40, 41]).
In contrast to the present review, others have attempted to provide an overview
of affected (and unaffected) neuropsychological functions in adolescents and young
binge drinkers, without evaluating the acute effects of alcohol and considering only
the subjects’ history of BD (e.g., [31]). However, the interaction between a BD
history of consumption and the effects of acute alcohol exposure on learning and
memory needs to be studied, as some long-term effects of repeated alcohol expo-
sure in adolescents (such as alcohol tolerance or damaged cognitive abilities) are
observed more readily—if at all—following an acute dose of alcohol [23].
It is known that tolerance can develop early in adolescents and young adults
without alcohol use disorder [47, 48]. Considering the scarcity of studies that have
evaluated the phenomenon of tolerance in healthy adolescents and the potential
vulnerability of females to the neurotoxic effects of alcohol, we performed a study
[23] in which we observed that binge drinkers performed better in IVM than
refrainers when given alcohol (showing the development of alcohol tolerance) and
binge drinkers performed worse than refrainers after consuming a nonalcoholic
control drink (as their memory would have been damaged). Thus, adolescent
women are more vulnerable to the neurotoxic effects of alcohol than men, because
the cognitive tolerance effect of alcohol on IVM develops in BD women but not in
BD men. The phenomenon of women beginning to drink earlier and progressing
more rapidly than men from drinking onset to problematic drinking, known as the
“telescoping effect” [49–51], would explain why adolescent women develop cogni-
tive tolerance earlier than men.
Although men and women have been included in some of the reviewed studies,
only ours [23, 24] were carried out in order to specifically evaluate these gender
differences in adolescents. In our second study [24], although the tolerance phe-
nomenon was not evaluated (because refrainers did not consume an acute dose of
alcohol), no gender differences were detected in IVM and WM performance with
BAC > 0.5 mg/L. We suspect that an increased BAC overrides these cognitive
differences between men and women. At the same time, the BAC is dependent on
several factors such as rates of absorption, distribution, and elimination, as well as
gender, body mass and composition, food effects, and type of alcohol. Therefore,
careful extrapolation and interpretation of the BAC is needed [52].
The findings of the present review would be bolstered with a tighter control of
factors that contribute to heterogeneity of results, such as:
• Not taking into account the gender factor. The inclusion of men and women in
study samples is more representative of the population.
• Variability in the sample’s history of consumption, which can encompass a
wide range (refrainers, habitual consumers/moderate drinkers, light binge
drinkers, heavy binge drinkers, etc.).
• The use of different tests/batteries for evaluating similar memories (e.g.,
CANTAB, ImPACT, WAIS-R).
• The registration of performance in ascendant/descendant BACs. For example,
more deleterious effects are observed in ascendant BAC versus descendant
BAC. Most of the studies either they evaluate memory performance in
descendant BAC or they do not specify whether the BAC is ascendant or
descendant.
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• Variability in the age ranges in the studies. This variability (see Table 1),
without a neat separation between adolescents and young adults, does not
allow to properly compare these periods in order to find potential differences.
Actually, there are not studies directly evaluating possible differences in the
effects of acute BD on memory, comparing adolescents and young adults.
Several studies, using different paradigms (e.g., Stroop task, Go/No-Go task),
have also shown that BD during adolescence is associated with poor inhibitory
control (e.g., [7, 53]). Inhibitory control processes are developing during adoles-
cence and youth, and a poor inhibitory function may predispose the individual to
alcohol misuse [53]. Thus, impaired inhibitory control has been related to increased
loss of control over drinking (i.e., a greater number of drinks per episode) [7], and
this impairment seems to be related to the severity of alcohol-related problems
[54, 55]. Likewise, acute and binge alcohol drinking may impair the inhibitory
control and compromise the ability to prevent or stop behavior related to alcohol
use. Then, poor inhibitory control can be both the cause and the consequence of
excessive alcohol use. Adolescence and young adulthood may be a particularly vul-
nerable period due to the following reasons: (a) the weak or immature inhibitory
functioning typical of this stage may contribute to the inability of the individual to
control alcohol use and (b) alcohol consumption per se may alter or interrupt the
proper development of inhibitory control leading to a reduced ability to regulate
alcohol intake [53]. Therefore, inhibitory control training is a potential effective
component of a comprehensive protocol for intervention strategies focused on this
at-risk group of young adults who continue a BD trajectory into adulthood. Interven-
tions targeting binge-drinking behavior should aim to inhibitory control training.
Increasing the knowledge about the effects of BD alcohol consumption pattern
on memory and other executive functions in adolescents and young adults is also
instrumental to designing programs and policy to reduce the impact of drinking in
this highly vulnerable population in order to diminish the likelihood of participation
in risky behaviors.
5. Conclusions
After reviewing the literature concerning the effects of one BD episode (with
different BACs) on learning and memory performance in adolescents and young
adults, the following conclusions can be drawn:
• Alcohol BD has differential effects depending on the type of memory. For
example, IVM is more sensitive than other memories to the neurotoxic effects
of acute doses of alcohol in adolescents and young adults with a BD history
(IVM is affected by a moderate BAC, while WM score is undermined only by
BAC levels of BD).
• BAC is an important factor to take into account when evaluating the acute
effects of BD alcohol on memory performance in this type of studies.
• Women are more vulnerable to some of the detrimental effects of alcohol than
men are. For example, an effect of cognitive alcohol tolerance on IVM has been
observed in women but not in men. These gender differences emphasize the
need to include females in studies when investigating the neurotoxic effects of
alcohol in adolescents and youths.
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• Further research, particularly longitudinal studies, is necessary in order to
confirm the abovementioned findings and to consolidate these conclusions.
In relation to the inhibitory control in binge drinkers, taking into account the
scarcity of studies evaluating inhibitory control training on alcohol consumption
(e.g., [56–58]) and the lack of them evaluating this kind of training on BD, future
research should investigate long-term implementation of inhibitory control train-
ing, emphasizing the importance of this training as part of the intervention strate-
gies focused on this at-risk group.
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